Background. To decrease allograft rejection as a result of non-adherence to immunosuppressant therapy (IST), a valid and reliable instrument that measures solid organ transplant patients' adherence barriers is needed.
Introduction
Adherence, defined as the extent to which a person's behaviour conforms to medical or health advice, to immunosuppressant therapy (IST) is critical to graft maintenance in solid organ transplant patients [1] [2] [3] . Non-adherence to IST is the most common cause of preventable kidney rejection [4] . Despite the obvious importance of IST adherence, 5-70% of transplant patients are non-adherent to their IST [2] [3] [4] [5] [6] . Efforts to encourage IST adherence are an important aspect of post-transplant medical care [1] [2] [3] [4] [5] [6] [7] . Failure of transplant patients to take prescribed drugs properly may not only be a significant obstacle to graft maintenance, but it may also result in dialysis, decreased productivity, decreased quality of life, and increased health care cost, morbidity and mortality. Studies describing factors that may be associated with nonadherence are available, but little has been published concerning IST adherence barriers, which logically should influence adherence. A valid and reliable instrument assessing patients' IST adherence barriers is critical to identifying causes of non-adherence, and to designing and evaluating intervention strategies to enhance IST adherence in transplant patients. The objectives of this study included developing a valid and reliable instrument that measures transplant patients' perceptions of IST adherence barriers, testing the hypothesis that IST adherence barriers are associated with lower adherence and rejection, and discussing methods to decrease IST adherence barriers.
Methods
The health belief model (HBM) and the health decision model (HDM) support that a major impediment to medication adherence is the barriers that patients encounter [8] . Items believed to assess significant barriers of IST adherence in transplant patients were developed by a focus group utilizing: (i) a portion of the HBM and the HDM as a theoretical framework; and (ii) a list of the top 10 barriers preventing transplant patients from adhering to IST that was collected from a survey of 50 solid organ transplant recipients in 2002 (30 kidney, nine liver, eight heart, two kidneypancreas and one lung). Initially, 20 items were formulated by the focus group, which consisted of a nephrologist, a transplant surgeon, a renal transplant patient, transplant nurses, pharmacists and a social worker. Each item was anchored by a 5-point Likert-type scale (1 ¼ 'strongly disagree' to 5 ¼ 'strongly agree') assessing respondent agreement to the statement. In September 2003, the 20-item scale was pre-tested in 25 renal transplant patients for item understanding, and appropriate modifications were made, including the deletion of two items that respondents found confusing. The resulting 18-item scale was then mailed to 244 solid organ transplant patients in the State of Georgia in October 2003. Renal transplants represented the most common type of transplant of those who received the 18-item scale. The investigators felt that it was important to include patients with other solid organ transplants (e.g. liver, heart and lung) in addition to kidney transplants in the study to: (i) compare the results among transplant types; and (ii) preliminarily test the instrument's utility in other transplant populations. A follow-up survey was mailed in November 2003 to those who did not complete and return the scale in October.
Each respondent was also asked to complete the immunosuppressant therapy adherence scale (ITAS). The ITAS is a valid and reliable instrument that was developed to measure transplant patients' IST adherence by asking respondents to indicate how often they were non-adherent to IST (defined as not taking their cyclosporin or tacrolimus IST as advised/prescribed) over a 3 month time period given a particular circumstance. A time period of 3 months was selected given that patients' recall of adherence is limited and decreases over time, and 3 months is often adequate to observe patterns of adherence to chronic medications such as IST [9] . Specifically, the ITAS is a 4-item self-report measure that was developed to measure transplant recipients' IST adherence by asking respondents to indicate how often they were non-adherent to IST given a particular circumstance. Items asked respondents how often they: (i) forgot to take their IST medications; (ii) were careless about taking their IST medications; (iii) stopped taking their IST medications because they felt worse; and (iv) missed taking their IST medications for any reason. Response options were A ¼ 0% of the time (none), B ¼ 1-20% of the time, C ¼ 21-50% of the time and D ¼ >50% of the time. The ITAS had positive correlations with immunosuppressant refill record adherence rates and 'target' immunosuppressant serum concentrations (P<0.01), and the ITAS item scores were shown to be negatively related to rejection occurrence and increased serum creatinine (P<0.05). Additionally, the ITAS demonstrates acceptable reliability (Cronbach's alpha of 0.81), and has documented construct, convergent and nomological validity among solid organ transplant recipients [10] . All patients participating in the study had a functioning graft, resided in Georgia, were members of the Medication Access Program (a statewide programme whose mission is to increase medication access to transplant recipients who reside in Georgia), were taking cyclosporin or tacrolimus as their IST and were 18 years of age or older. The study was approved by the Human Assurance Committee (Institutional Review Board) at the Medical College of Georgia (MCG) and the University of Georgia.
A subset of renal transplant patients was selected as the validation subgroup since renal transplants are the most common solid organ transplant performed. Sixty-nine of the 244 transplant patients who were surveyed received their post-transplant care from MCG. MCG renal transplant patients were selected as the validation group because the principal investigator is located on the MCG campus, which allowed easier access to MCG transplant patients' clinic and pharmacy data. Clinical and pharmacy data collected included: (i) IST medication refill records; (ii) IST serum concentrations; and (iii) occurrence of a rejection episode (biopsy-proven rejection). Since all participating MCG renal transplant patients received their medications from the MCG pharmacy and post-transplant follow-up care from the MCG renal transplant clinic, patients' refill data and immunosuppressant serum concentrations for cyclosporin and tacrolimus were used as objective measures of IST adherence. Data on recipient date of birth, gender, race/ethnicity, 2002 income (via 2002 income tax forms and social security benefit forms), transplant donor type (living or cadaveric), type of transplant (kidney, liver, heart, lung and/or pancreas) and date of transplant were also collected. Data from IST refill records and IST serum concentrations, and occurrence of a rejection for each recipient were recorded for the time period of August-October 2003. Each recipient's pharmacy refill records for cyclosporin and tacrolimus were collected for the months of AugustOctober 2003 from the MCG out-patient pharmacy by using the pharmacy's prescription computer system. Each recipient's medical and monthly pharmacy refill records were used to obtain the immunosuppressant (cyclosporin and tacrolimus) regimen details and to calculate the next expected refill. The IST refill adherence rate was estimated by comparing each recipient's monthly pharmacy refill records with the prescribed regimen documented in the medical records. Refill adherence rates were calculated by using the number of days between prescription immunosuppressant medication refills. If the total number of days between refills was less than or equal to the total days supply of the immunosuppressant medication, the recipient's refill adherence rate was 100%. An assumption was made that any extra doses accumulated during the study period were used as needed by the recipient in order to adhere to the prescribed therapy if medication refills were not obtained on time. If the number of days between refills was greater than the days supply, the IST refill adherence rate was calculated by using the formula below:
Adherence Rate
days between refills À total days supply days between refills Â 100%:
Serum concentrations were classified as 'achieving target' or 'not achieving target' using concentration ranges of 150-400 and 5-17 ng/ml for cyclosporin and tacrolimus, respectively.
Statistical analyses
Data were entered in a spreadsheet (Excel 2000, Microsoft Õ Inc., Redmond, WA) and downloaded into SPSS 12.0 (SPSS Inc., Chicago, IL). In order to ensure that all data were within valid ranges and that each item had sufficient variance to proceed with further analyses, frequencies and descriptive statistics were computed for each item. Next, scale dimensionality was assessed by using exploratory factor analysis that included: (i) extracting factors on the basis of the principal components model; (ii) determining the number of components to retain on the basis of a combination of inspecting the scree plot, parallel analysis and meaningfulness of the solution; and (iii) rotating the factors according to the oblimin criterion for interpretation of the solution. Scale reliability was estimated using Cronbach's alpha coefficient of internal consistency. Criterion-related validity was assessed by correlating the IST adherence barrier scale scores with outcomes that were thought to be related to the perceived barriers, including ITAS scores (self-report measure of IST adherence), IST pharmacy refill adherence rates, IST serum concentrations and rejection episodes. The diagnostic sensitivity of the immunosuppressant therapy barrier scale (ITBS) subscales and total scores in relation to adherence (as indicated by refill records since they are considered more objective than self-report measures of adherence) were assessed and receiver operating characteristic (ROC) curves were created. Finally, since patient factors may influence barriers to IST adherence, the nomological validity of the scale was assessed by relating barrier subscale scores to various patient factors including demographic data (race, age, gender, marital status and income), type of IST (cyclosporin or tacrolimus) and transplantrelated data [time since transplant, type of kidney donor (living or cadaveric) and type of transplant (heart, kidney, liver, lung, pancreas or kidney-pancreas)].
Results
Two hundred and twenty-two transplant patients completed and returned the scale for a 91% response rate. Since the focus of the study was to test the reliability and validity of the ITBS in renal transplant patients, most of the study population (n ¼ 137; 61.7%) consisted of renal transplant patients. Sixty-six of the participants were MCG renal transplant patients. The demographics of study participants are included in Table 1 .
Although responses to most barrier items were positively skewed, with means clustering toward the lower end of the scale (i.e. 1 ¼ 'strongly disagree' to 2 ¼ 'disagree'), responses to each item covered the entire range of the 1 (¼ 'strongly disagree') to 5 (¼ 'strongly agree') scale, and all item variances were sufficient to continue with further analyses.
Principal components analysis (PCA) of the 18 barrier items suggested a three-factor solution. The scree plot, however, clearly pointed to a two-factor solution. For both the two-and three-factor solutions, three items failed to have significant loadings of at least 0.40 on any factor, one item exhibited significant crossloadings and one other item exhibited an unexpected negative factor loading. With these five items deleted, the PCA and scree plot of the remaining 13 items produced a two-factor solution. The oblimin rotation resulted in an estimated correlation of 0.267 between factors 1 and 2. The oblimin-rotated factor pattern loadings and descriptive statistics for the 13 barrier items that were eventually retained for the ITBS are shown in Table 2 .
In consultation with a focus group of four practising transplant health care professionals (a nephrologist, a transplant surgeon, a transplant clinical pharmacist and a transplant nurse), a kidney transplant recipient and three clinical psychologists, factor 1 was interpreted as including barriers that patients may perceive to be beyond their control, such as having to take too many medications, depression, confusion and lack of understanding regarding when to take IST. On the other hand, items having significant loadings on factor 2 referred to barriers that should be more within patients' control, with non-adherence occurring because of carelessness or deliberate intention not to adhere (e.g. not remembering to take IST, or choosing not to take IST because the patient feels that there might be side effects, feels better or is short of money). These two were later labelled as 'uncontrollable barriers' and 'controllable barriers', respectively, for factor 1 and factor 2. Table 3 for Cronbach's alpha coefficient and mean scale scores. Criterion-related validity coefficients for the 'uncontrollable barriers' and 'controllable barriers' factors are shown in Table 4 . As predicted, the two ITBS subscales and the ITBS total scores correlated negatively with all three adherence measures, ITAS scores, IST serum concentrations and IST refill adherence rate (P<0.01). Figure 1 shows the ROC curve for the ITBS total score in relation to IST refill adherence (defined as !80% adherence rate ¼ adherent and <80% adherence rate ¼ non-adherent) [11] . Areas under the ROC curves were 0.80 for 'uncontrollable barriers' (see Figure 2 ), 0.78 for 'controllable barriers' (see Figure 3 ) and 0.81 for the ITBS total scale score. The areas under the curves produced by the ITBS and its subscales were interpreted as having good discriminability, as an area of 0.80 was selected a priori as indicating good discriminability [12, 13] . Also, patient reports of barriers correlated positively with rejection episode (a clinical outcome that has been associated with IST non-adherence) [4] . Although the correlation between 'controllable barriers' and rejection episode was non-significant with P ¼ 0.36, the correlation between 'uncontrollable barriers' and rejection was statistically significant (P<0.01). The correlation between the entire ITBS and rejection was also statistically significant (P<0.01). Overall, the results (shown in Table 4 ) support the criterion-related validity of the subscales of the ITBS. The nomological validity of the ITBS subscales in terms of their relationship to various patient factors was also assessed. There were no significant differences in patient reports of IST adherence barriers by race, Point-biserial correlations [20] .
Immunosuppressant therapy barrier instrumentincome, time since receiving the transplanted organ, kidney donor type (living vs cadaveric) or the type of organ transplanted. However, male patients reported significantly more barriers, both 'uncontrollable' and 'controllable', than did female patients (P<0.05). Also, older patients reported more 'uncontrollable barriers' than did younger patients (P<0.05), and patients taking tacrolimus reported significantly more 'controllable barriers' than patients taking cyclosporin (P<0.05).
Discussion
There is a great need to be able to identify patients who are non-adherent as well as determinants of non-adherence prior to patients experiencing adverse effects, such as graft loss [1, 3, 5] . Patients who have greater barriers to adhering to medical advice are often non-adherent [9] . Thus, a valid and reliable scale to measure transplant patients' barriers to IST adherence is needed to help identify those patients who are at risk for being non-adherent and to design effective adherence intervention programmes. To be useful in practical settings, the scale must be reliable and valid based on sound measures of IST adherence (pharmacy refill records, IST serum concentration and self-reports) and clinical outcomes (e.g. kidney graft rejection). Furthermore, the scale should be relatively short, containing <20 items, so it can be completed within 10 min during a clinic or office visit. The investigators of this study developed the ITBS using these criteria and produced a reliable and valid 13-item scale. Although the ITBS includes some underlying principles of self-efficacy, as many other scales, it is unique since it was designed specifically to measure IST adherence barriers in transplant recipients. Two scales that have been used in transplant to measure self-efficacy (although, not specifically designed for IST) include the medication behaviour self-efficacy scale (MBSS) and the appraisal of self-care agency scale (ASA scale) [1, 14] . The ITBS shares some similarities (e.g. ascertaining medications' expense and adverse effects) and dissimilarities (e.g. the ITBS is more succinct and uses a 5-point rating scale instead of a 3-point rating scale) with the MBSS [14] . Similar to the ITBS, the ASA uses a 5-point Likert-type scale to rate items and has a Cronbach's alpha coefficient of at least 0.80. The ASA scale, like the MBSS, is a longer instrument than the ITBS [1] . The ITBS consists of two subscales (factors). The 'uncontrollable barriers', which contain eight items, are described as those being beyond the patient's control (although many are within the control of health care practitioners, therefore strategies to reduce these barriers may increase patients' IST adherence). For example, many patients may be confused as to how to take their IST, not intentionally or as a result of their own doing, but because of the regimen's complexity (e.g. multiple doses needed throughout the day) or because they were not told how to take the medication(s), thus facilitating non-adherence. The 'controllable barriers' consist of items that the patient has more control over, and non-adherence is more likely to be due to carelessness or deliberate intention not to adhere, such as patients missing doses when they change their daily routine. These two subscales, 'uncontrollable barriers' and 'controllable barriers', have a similar underlying foundation to the theory supporting the health locus of control (HLC). The HLC, a social learning theory, states that individuals develop a belief that certain outcomes are a result of their actions (internals) or a result of other forces independent of themselves (externals) [15, 16] . However, items of the HLC are not specific enough to draw direct conclusions concerning IST adherence, whereas the ITBS is specific for IST adherence. Nonetheless, both the HLC and the ITBS support the concept of implementing interventions that facilitate increasing patients' internal locus of control. This could be beneficial since it may empower patients to take responsibility and change their IST behaviour (empowering them to be more adherent). For example, educating patients as to how to properly take their IST, providing patients with devices to remind them to take their IST (such as watches with alarms indicating it is time to take their IST) and improving patients' access to IST may improve adherence [5, [7] [8] [9] .
The results of the study support our hypothesis that those patients with greater barriers to IST adherence are less adherent to therapy, and that greater IST adherence barriers are associated with graft rejection. It is important to note that the correlations between patient-reported IST adherence barriers and adherence (measured by the ITAS scores and refill record adherence rates) tended to be higher than the correlations between patient-reported IST adherence barriers and graft rejection (see Table 4 ). From a practical perspective as experienced health care professionals and a conceptual perspective, this is to be expected, since barriers lower the probability of adherence to IST, and decreased IST adherence increases the likelihood of graft rejection.
Due to advances in IST to prevent rejection and the short time frame of 3 months to monitor for rejection, only six individuals with graft rejections were found, thus limited study conclusions concerning graft rejections can be made. Nonetheless, since 'controllable barriers' were not found to be significantly associated with graft rejection, response bias could be present. Perhaps patients may have rejected because of something that they could control (a 'controllable barrier') but were ashamed to admit this since it is not socially well accepted. We know from the adherence literature that one of the biggest criticisms of using patient self-report is that it is dependent on the honesty of patients, and patients may be dishonest for many reasons (including dishonesty due to the truth potentially leading to interference with being socially accepted, as the likelihood of being reprimanded for not adhering to IST is high if a rejection was due to IST non-adherence) [9] . As patient self-reports tend to overestimate medication adherence [9] , patient dishonesty could possibly interfere with the validity of the ITBS (in particular the 'controllable barriers' scale). Older patients reported more 'uncontrollable barriers' than younger patients, and this was true with respect to each of the eight items of the 'uncontrollable barriers' subscale. Generally, older patients tend to have more barriers. For example, there is a higher incidence of cognitive impairment, diseases, medications needed and depression with increasing age [9, 17] . Although studies have indicated that females are more at risk for being non-adherent than males [18] , studies have also indicated that male transplant patients are less adherent to IST than females, suggesting that men may have more IST adherence barriers [19] . Patients taking tacrolimus reported significantly more 'controllable barriers' than patients taking cyclosporin (P ¼ 0.01). This was due mainly to tacrolimus users more often reporting that they find it hard to remember to take their IST, that they miss taking their IST when they change daily routines and that they skip their IST when they are short of money. These findings may have resulted because: (i) tacrolimus costs more than cyclosporin since no generic products are available for tacrolimus; and (ii) it is more difficult for patients to qualify to receive free medication from the tacrolimus assistance programme available through the pharmaceutical company than from the cyclosporin assistance programme. Thus, the higher cost of tacrolimus to the patient may be a significant barrier to adherence.
Since kidney transplants are performed more frequently than any other solid organ transplant, renal transplant patients' clinical and pharmacy data were used to validate the ITBS. Although the clinical and pharmacy data for only 66 renal transplant patients were used to confirm the ITBS's validity, the ITBS was found to have good validity in these patients. However, to make the claim of validity in solid organ transplant populations other than kidney transplant, further research using other populations and clinical data pertinent to that condition (transplant) should be part of the validation process (e.g. using liver function tests in liver transplant patients). Since solid organ transplant patients have many similar IST adherence barrier issues, and no statistical differences in ITBS scores were found between transplant types, the chance of the ITBS having validity (in terms of the association of the ITBS with clinical and pharmacy data) in solid organ transplant patients other than kidney transplant is promising. Furthermore, results of the PCA analysis and the respectable internal reliability found in this study when using the entire 222 solid organ transplant patients (representing kidney, liver, lung and heart transplants) add further validation to the ITBS for use in all solid organ transplants. Given the small number of transplant recipients used to confirm the validity of the ITBS and the promising study outcomes, this study serves as a springboard for future research using the ITBS.
Conclusion
To decrease graft rejection as a result of IST nonadherence, it is important to identify those patients who have IST adherence barriers. This study is the first of its kind to develop a reliable and valid scale to assess transplant patients' adherence barriers. The ITBS, a 13-item scale with two subscales that measure 'uncontrollable barriers' and 'controllable barriers', was developed and validated. The ITBS subscales correlated negatively with all three adherence measures (ITAS scores, IST serum concentrations and IST pharmacy refill adherence rate). Also, patient reports of barriers correlated positively with graft rejection, thus confirming its clinical validity as a measure of IST adherence barriers.
